Abstract Fuel retention and recycling in plasma facing materials is a crucial issue for fusion devices, especially for the long pulse discharge devices. In this work, the deuterium retention and the surface erosion of SiC-coated graphite tiles exposed to EAST plasmas have been studied by post-mortem analyses, i.e., thermal desorption spectroscopy (TDS), secondary ion mass spectroscopy (SIMS) and scanning electron microscopy (SEM). The results show that the sample cut from the high field side (HF) tile has been intensely eroded due to deuterium bombardment on plasma facing surfaces in the initial phase of discharges and trapped highest amount of deuterium. Lower deuterium retention has been found in the inner divertor sample, which is presumably due to the particular exposure history in the 2010 spring campaign.
Introduction
Because of their excellent thermal properties and compatibility with plasma, carbon-based materials have been widely used as plasma facing materials (PFMs) in current fusion devices [1] . However, due to the high physical and chemical sputtering yields and the high potential for retention of hydrogen isotopes in the co-deposited layers [2, 3] , the use of carbon as PFM will lead to frequent shutdown of discharge operations. For the 700 g safety limit of in-vessel tritium set by the nuclear licensing authorities in ITER [4] , assuming an equal mix of deuterium and tritium with a fuel injection rate of 200 Pa·m 3 ·s −1 and tritium retention of 10%, this limit would be reached after 70 discharges for a full carbon PFM configuration without any dedicated cleaning efforts [5] . Therefore, understanding and characterizing fuel retention in ITER and future fusion reactors are critically important to device safety and tritium economy [6, 7] , especially in the case of the carbon-based PFMs scenario.
In the initial phase, the experimental advanced superconducting tokamak (EAST) was equipped with 316L stainless steel as PFMs. In 2008, the stainless steel first wall was replaced by SiC-coated doped graphite GB1308 (1%B, 2.5%Si, 7.5%Ti) [8, 9] , which was developed jointly by the Institute of Coal Chemistry, Chinese Academy of Science (ICCCAS) and the Institute of Plasma Physics, Chinese Academy of Science (ASIPP). The surface of the graphite tiles was coated by a ∼100 µm SiC layer prepared by the technique of chemical vapor reaction (CVR) combined with chemical vapor infiltration (CVI) [10] . Up to now, little work has been done on fuel retention in EAST by analyzing the exposed tiles with post-mortem methods. In view of the importance of the issue for physics experiments and steady-state operation, the profile and the amount of deuterium retention in SiC-coated graphite tiles of EAST are studied, and the preliminary results are presented in this paper. Fig. 1 shows the locations of the poloidal SiC-coated graphite tiles examined in this experiment, assigned as the high field sides (HF), inner divertor (ID6), dome wing (DM6) and outer divertor (OD1). These tiles were exposed to 10559 discharges (mainly DD discharge) in the 2010 spring experimental campaign. The total discharge duration was 37100 s. The surface temperatures of these samples varied between 300 K and 500 K during discharges, which were monitored by thermocouples and an infrared camera.
Experiment
After the exposures, samples were cut from the plasma facing surfaces of these tiles with a diamond fret saw. The cutting speed was limited to 1.5 mm/min to prevent temperature rise during the cutting. Three samples were cut from each graphite tile with a size of 10 mm×10 mm×2 mm (as shown in Fig. 2 ) for scanning electronic microscopy (SEM), secondary ion mass spectroscopy (SIMS) and thermal desorption spectroscopy (TDS), respectively. SEM was used to observe surface morphologies of the samples after plasma exposures. SIMS analysis was performed to obtain the depth profile of D in the samples with the CAMECA IMS-4F at the Evans Analytical Group (EAG). In the SIMS analysis, cesium ions (Cs + ) were used as the primary ions with a sputtered area of 250 µm×250 µm. Using a standard SiC sample, the sputtered time was converted to the depth of the crater that was measured by a step profiler, and thus the distribution of D within the depth of 5 µm could be obtained. The total deuterium inventories in the samples were examined by TDS at Shizuoka University. In TDS measurement, the samples were heated from room temperature to 1200 K with a constant heating rate of 5 K/min. During the heating, Fig.2 The location of the samples cut from the plasmafacing surface of SiC-coated graphite tiles the partial pressures of the desorbed gases, e.g., HD, D 2 and CD 4 , were measured by a quadrupole mass spectrometer (QMS), which has been calibrated by a D 2 standard leak to convert the QMS current to the amount of desorbed molecules. Fig. 3 is the cross-sectional SEM images of the samples (irradiated and un-irradiated). The thickness of SiC layer on the surface of un-irradiated graphite tiles is about 100 µm, as shown in Fig. 3(c) . Fig. 3(a) shows that the SiC layer on HF tiles was heavily eroded and further SEM observations on the adjacent HF tiles indicate a similar surface feature, implying that high field side is an erosion zone. Fig. 3(b) shows that the SiC layer thickness on ID6 is still about 100 µm. Similar micromorphology can be seen on DM6 and OD1 tiles, which are not presented here. These three samples did not show obvious changes in the thickness of SiC layer. In order to obtain more information about plasma facing surfaces, we observe surface morphologies of all the samples (as shown in Fig. 4) . Fig. 4(a) shows the plasma facing surface of HF tiles is flat, with some pores on it, which is significantly different from the others. The HF tiles acted as limiter at the startup stage of plasma discharges in this EAST campaign and the first wall tiles in this area were always exposed to plasmas in each discharge. Compared with the initial surface morphology (Fig. 4(e) ), the surface was smoothed by the plasmas in the erosion dominated areas. In Fig. 4(b) , layer-like deposition can be observed and the SiC grains remain intact on the surface of ID6. In Fig. 4(c) , SiC grains are clearly observed on DM6 surface and the structure is compact compared with the other samples. OD1 (Fig. 4(d) ) shows a different character, the SiC grains have a round and smooth shape, which should result from the severe interactions between plasma and wall close to the outer strike point. In addition, ID6 has an additional small-scale roughness, which was not present in the initial film (Fig. 4(e) ). In the future work, we will pay more attention to erosion and deposition on the plasma facing surface. In the initial phase of plasma discharges, the HF usually acts as limiter, which is bombarded intensely by plasmas. It should be noted that there are two trends for the depth profiles of D. The first one is shown in the profiles of HF and OD1, in which the D concentration increases at first in the very near surface, and then decreases at deeper locations. The decrease rate of HF is much slower than that of OD1. From the SEM images, SiC layer of HF is found to be eroded heavily. Similar D profile characteristics were also found in erosion zones of JT-60U [1] . OD1 located near the outer strike point, where the plasma wall interactions are most intensive, leading to higher D implantation. However, this measured SIMS result for HF may be not so accurate because the SiC coating has probably been eliminated (or partially) after plasma exposures, while the SIMS result is calibrated with a standard SiC sample. The sputter yields between graphite and SiC are different, rendering the comparison between HF and other samples not so straightforward. In future SIMS analysis, the effects of surface condition will be taken into consideration. The D concentration profiles of DM6 and ID6 show another trend, which exhibit a steep decrease in a much shallower region, about 0.3 µm near the surface, followed by slow reductions. For these two samples, the D concentration decrease for ID6 is more rapid than that for DM6. Fig. 6(a) shows the TDS spectrum of HF, in which the main peak appears at 800 K. The D concentration of HF is 7.76×10 22 atoms/m 2 , which is the highest among the four samples, in accordance with the result of SIMS. This TDS also suggests that a strong interaction occurs between plasmas and the HF tiles. For OD1 and ID6, the desorption peak temperature is around 900 K (as shown in Fig. 6 Figure 6 (c) is the TDS spectrum of DM6. It should be noted that there are two peak temperatures around 800 K and 1000 K, indicating different trapping states. Y. Oya and Q. Li have investigated the trapping and desorption character of deuterium in SiC and further discussion can be found in Refs. [11, 12] .
Results and discussion
Results from the 2010 spring campaign indicate that the amount of D retention in OD1 is higher than that in ID6, which is different from the results of JT-60U, JET and ASDEX-U [13, 14] . For normal plasma discharge configurations, the locations of outer strike point and inner strike point should be on the tile of OD1 and ID6, respectively. However, in the 2010 spring campaign, the plasma control system was under debugging and sometimes the plasma configuration control was not so good, leading to drift of the inner strike points. This may be the most likely reason for the inconsistency. Other specific features of EAST tokamak, e.g., SiC-coated graphite, plasma configurations and wall cleaning method, may also give rise to such inconformity. In the future, other tiles from the 2010 spring campaign will be analyzed and more information about D retention, erosion, deposition and relationships between them in SiC-coated graphite tiles of EAST will be presented. 
Summary
Graphite samples from different locations are analyzed to investigate the D retention in EAST. SEM, SIMS and TDS were utilized to study the morphologies and D retention of the SiC-coated graphite tiles after 2010 spring experiments. The highest retention of D is found to be in HF tiles, which were eroded intensely. The major reason is that in the initial phase of plasma discharges, the HF usually acts as limiter, which is intensely bombarded by plasmas. D retention behaviors are also found to be related to the particular plasma discharge history in this campaign. Further investigations are needed to study the retention of D and the relationship between it and deposition/erosion.
